Abstract. This paper shows how a genetic algorithm can be used as a method of obtaining the near-optimal solution of the resource block scheduling problem in a cooperative cellular network. An exhaustive search is initially implemented to guarantee that the optimal result, in terms of maximizing the bandwidth efficiency of the overall network, is found, and then the genetic algorithm with the properly selected termination conditions is used in the same network. The simulation results show that the genetic algorithm can approximately achieve the optimum bandwidth efficiency whilst requiring only 24% of the computation effort of the exhaustive search in the investigated network.
Introduction
The optimal solution of resource scheduling is considered difficult to obtain given that it is a nonconvex problem [1, 2, 3, 4] . Previous research work has investigated nearoptimal algorithms for scheduling channels or subcarriers under the conditions of fairness and power control [5, 6, 7, 8] . The general optimal solution without those conditions for scheduling resource blocks in a multi-cell network is not well-studied. The exhaustive search technique is commonly used for getting the optimal solution [5], [9] . However, it requires high computational effort to obtain the optimal results as it needs to search all the possible combinations or cases [1], [16] . The genetic algorithm is also a search method for solving nonconvex problems, and it is widely used in the fields such as cloud design, computing, sub-carrier allocation and even project management [11, 12, 13, 14, 15, 16] . But it is rarely used in resource block scheduling to get as much bandwidth efficiency as possible for a downlink transmission in a multi-cell scenario. Ref.
[15] proposed a genetic algorithm for resource block scheduling in the uplink transmission in a single cell model. The search of the genetic algorithm in [15] was stopped by the maximal number of iterations, so the resultant solution gives worse results than the optimum. This contribution investigates the use of genetic algorithm as a solution for getting the optimal bandwidth efficiency by scheduling resource blocks in a cooperative cellular network with the possibility of flexible cooperation. The termination conditions used in the genetic algorithm are properly selected in order to get the optimal solution. The exhaustive search is used to get the optimal results in a 3-cell network layout, and the results from the genetic algorithm applied to the same network and the same user locations are compared with the optimal results. In addition, the computation effort of getting the optimal results by these two methods is compared. This paper is organized as follows: section 2 and 3 display the system model and the problem statement; section 4 introduces how to get the optimal solution by the exhaustive search; section 5 explains the implementation of the genetic algorithm; section 6 compares and discusses the simulation results and section 7 presents the conclusion.
System Model

Network Layout
The system investigated is a downlink transmission in a hexagonal cellular network. There are in total M resource blocks to be scheduled to at most a total of U users in an N-cell layout. One Base Station (BS) is located in the center of each cell. A Resource Block (RB) is assumed to be the smallest resource unit to be scheduled and it can only be used once by each BS. The power of each RB is assumed to be the same. Frequency reuse is flexible which means that one RB can be used by more than one BS to schedule to the same user (cooperative transmission) or be used by different base stations to schedule to different users (frequency reuse). The settings used in the simulation are for a typical LTE urban macro environment which are listed in Table 1 [10]. 
